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(54) PROCESS FOR PRODUCING ISOPRENOID COMPOUNDS BY USING MICROORGANISMS 
AND METHOD FOR DETECTING COMPOUNDS HAVING ANTIBACTERIAL OR HERBICIDAL 
ACTIVITY 

(57) The present invention provides a process for 
producing isoprenoid compounds or proteins encoded 
by DNA using DNA that contains one or more of the 
DNA encoding proteins having activity to improve effi- 
ciency in the biosynthesis of isoprenoid compounds 
effective in pharmaceuticals for cardiac diseases, oste- 
oporosis, homeostasis, prevention of cancer, and immu- 
nopotentiation, health food and anti-foufing paint 
products against barnacles the DNA; the protein; and a 
method for screening a substance with antibiotic and 
weeding activities comprising screening a substance 
inhibiting enzymatic reaction on the non-mevalonate 
pathway. 
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onate pathway. 
Background Art 

also as a health food in Western countries, coaaulation system, is utilized as a hemostatic agent. 

t00043 Vitam-n K. an '^P?-;-;--^^^ and is expected to be applied to the 

Recently it has been suggested that vitamin K approved as pharmaceuticals. 

vvould make an excellent additive to paint products to P^^^^"^ ^.arnacles f rom chnging^^ 

40 carbon atoms nave 

Ko^r r==» compounds -t^ir ^" 

no known method ««f ^^f^^ ^^^^^^^^^^^^ has been proved to be biosyn- 

[0009] Isopentenyl pyrophosphate (IPP), .a bacKDone -ukarvotes such as an animal and yeast, 

ihesized from acetyl-CoA via '^^^^^^'^^^f ZT'^^^^^^^ " consSd o be a r.te-lim.ing enzyme in the 

IO01O] 3-Hydn.xy-3-methy.g^ a'U nTast Z improve the yield of carotenoids by overBxpres- 

mevalonate pathway [Mol. Biol. Cell, 5, ^55 0994)j. a tes y ^ Lectures on Carotenoids, 1997]. 

ss sion of HMG-COA reductase has been conducted J^^^^^^^^^' -J ™ pathway in prokaryotes. In many 

room There is no knowledge which proves the P;f ^^^^ °^ Jlpn fomd in which IPP is biosynthesized via 1- 
proJryotes. another pathway, the "-"^^-^'-f ^^^To™^^^ 3-phosphate [Biochem. 

Seoxy-D-xylulose 5-phosphate produced by ^''^^^'^'^''^^''J''^^^^^ ,PP via ?-C-methy1-D-erythri- 

J 295 517 (1993)]. It is suggested that 1 -deoxy-D-xylulose 5-phosphate is 

. S:.r 1-deoxy-xylu.ose S-phosphate to a-C 

ToSr CrJerrat rrw^^— n^su^gern^r^^^^ yield Of an isoprenoid compound by 

^sr^iruTr— - -°r^^= 

50 enzynles involved therein and genes encoding these ^^l^^^^^tioMXl^^^^^^ ubiquinone-10 by introducing 
[0016] in photosynthetic bacteria, there .s a known P;°^^^^*°^^«^;J^^^^^ a gene for p-hydroxy- 

L gene for an enzyme ubiC (uviC gene), 7,^^^ ^J^f^^p^^^^^^^^ SSss Howeve^ there is no example 

" roo^r'' MorJovt"^^^^^^ is no knowledge about how prokaryotes will be influenced when the reaction on the non- 
mevalonate pathway is inhibited by mutagenesis or treating with drugs. 
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Disclosure of the Invention 

[0018] The object of this invention is to provide a process for producing isoprenoid compounds connprising integrat- 
ing DNA into a vector wherein the DNA contains one or nnore DNA involved in biosynthesis of isoprenoid compounds 

5 useful in pharmaceuticals for cardiac diseases, osteoporosis, homeostasis, prevention of cancer, and immunopotentia- 
tion, health food and anti-fouling paint products against barnacles, introducing the resultant recombinant DNA into a 
host cell derived from prokaryotes, culturing the obtained transformant in a medium, allowing the transfomnant to pro- 
duce and accumulate isoprenoid compounds in the culture, and recovering the isoprenoid compounds from said cul- 
ture; a process for producing proteins comprising integrating DNA into a vector wherein the DNA contains one or more 

10 DNA encoding a protein having activity to improve efficiency in the biosynthesis of isoprenoid compounds, introducing 
the resultant recombinant DNA into a host cell, culturing the obtained transformant in a medium, allowing the transform- 
ant to produce and accumulate said protein in the culture, and recovering said protein from the culture; the protein; and 
DNA encoding the protein. A further object of this invention is to provide a method of screening a substance having anti- 
biotic and/or weeding activities, which comprises screening the substance inhibiting enzymatic reaction on the non- 

15 mevalonic acid pathway. 

[0019] The inventors have completed the invention by finding that the productivity of isoprenoid can be improved by 
screening DNA capable of improving the productivity for isoprenoid in prokaryotes, and introducing the obtained DNA 
into prokaryotes. 

[0020] 'That is, the first invention of the present application is a process for producing isoprenoid compounds com- 
20 prising integrating DNA into a vector wherein the DNA contains one or more DNA selected from the following (a), (b), 
(c). (d). (e) and (f): 

(a) a DNA encoding a protein having activity to catalyze a reaction to produce 1-deoxy-D-xylulose 5-phosphate 
from pyruvic acid and glyceraldehyde 3-phosphate, 
25 (b) a DNA encoding farnesyl pyrophosphate synthase, 

(c) a DNA encoding a protein that has an amino acid sequence of SEQ ID NO:3, or a protein that has an amino, 
acid sequence wherein one to several amino acid residues are deleted, substituted or added in the amino acid 
sequence of SEQ ID NO: 3 and has activity to improve efficiency in the biosynthesis of isoprenoid compounds, 

(d) a DNA encoding a protein that has an amino* acid sequence of SEQ ID NO:4, or a protein that has an amino 
30 acid sequence wherein one to several amino acid residues are deleted, substituted or added in the amino acid 

sequence of SEQ ID NO: 4 and has activity to improve efficiency in the biosynthesis of isoprenoid compounds, 

(e) a DNA encoding a protein having activity to catalyze a reaction to produce 2-C-methyl-D-erythritol 4-phosphate 
from 1-deoxy-D-xylulose 5-phosphate, and 

(f) a DNA encoding a protein that can hybridize under stringent conditions with DNA selected from (a), (b), (c). (d) 
35 and (e), and has activity "substantially identical with that of the protein encoded by the selected DNA; 

introducing the resultant recombinant DNA into a host cell derived from prokaryotes. culturing the obtained transfomn- 
ant in a medium; allowing the transformant to produce and accumulate isoprenoid compounds in the culture; and recov- 
ering the isoprenoid compounds from the culture. 
40 [0021] Deletions, substitutions or additions of amino acid residues in this specification can be carried out by site- 
directed mutagenesis, which is a technique well-known prior to the filing of this application. Further, the phrase "one to 
several amino acid residues" means the number of amino acid residues, which can be deleted, substituted, or added 
by site-directed mutagenesis, for example, 1 to 5 amino acid residues. 

[0022] The protein consisting of an amino acid sequence, which has deletion, substitution or addition of one to sev- 
45 eral amino acid residues, can be prepared according to the methods described in Molecular Cloning: A Laboratory 
Manual, Second Edition, ed. Sambrook, Fritsch. and Maniatis, .Cold Spring Harbor Laboratory Press, 1989 (hereinafter 
referred to as Molecular Cloning, Second Edition). Cun-ent Protocols in Molecular Biology, John Wiley & Sons (1987- 
1997), Nucleic Acids Research. 10, 6487 (1982). Proc. Natl. Acad. Sci.. USA. 79. 6409(1982). Gene, 34, 315 (1985). 
Nucleic Acids Research, 13, 4431 (1985), and Proc. Natl. Acad. Sci USA, 82. 488 (1985), etc. 
50 [0023] The above-mentioned DNA encoding a protein, which catalyzes a reaction to produce 1 -deoxy-D-xylulose 
5-phosphate from pyruvic acid and glyceraldehyde 3-phosphate. is for example, a DNA encoding a protein, which has 
an amino acid sequence of SEQ ID N0:1 , 26 or 28, or a DNA encoding a protein which has an amino acid sequence 
wherein one to several amino add residues are deleted, substituted or added in the amino acid sequence of SEQ ID 
NO: 1 , 26, or 28 and has activity to catalyze a reaction to produce 1 -deoxy-D-xylulose 5-phosphate from pyruvic acid 
55 and glyceraldehyde 3-phosphate. 

[0024] Examples of such a DNA include a DNA having an nucleotide sequence of SEQ ID NO:6 or a DNA having 
a nucleotide sequence of SEQ ID NO:27 or 29. 

[0025] Examples of a DNA encoding farnesyl pyrophosphate synthase include a DNA encoding a protein having an 
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footer -pec.cexa.p.eon.eO.Aenco.n.ap.ot.^ 

^ ""p?r /S::™.e o^^DNA enccng a prote. .a.ng an a.ino acid sequence ot SEQ ID NO:4 
is a DNA having a nucleotide sequence of ID N0^9 . ^^^^^^^^ produce 2-C-methyl-D- 

ro028] Examples of the DNA encoding a protein having actw.W to ^ ^ ^^,3, ^^-.^h has an amino 

Uhii 4-phosphate from ^"^eoxy-D-xyluiose 5 P os hate d^^^^^^ ^^^^^^^^ 
add sequence of SEQ ID NO:5 or 30. or ^ DNA ehcoding ^ P^°^^ ^'^^^'^^..^^ 3^q^ence of SEQ ID NO: 5 or 30 

^-p— - i-xv-D.xy.u,ose . 

Soafspecificaily. such a DNA is one having --'^f -^^"-^l^f.^^^^^^^^^^ be obtained 

0030 -me above phrase "DNA-.-.that can hybnd.ze -^-^^^^^^^^^^^^ ^Ketrg the above DNA or fragments of the 
Ly colony hybridization, plaque hybridization. Southern B^«,ng c^^^^^^^^^ ^.^^ p,aque-derived 

DNA as a probe. Such a DNA can be identrfied ''V P^^^^^nce^ 1 .0 mol/1 NaCl at SS-C. followed by wash- 

Examples of DNA capable of hybridizing include ^ DNA that sha es anea 

more homology with a nucleotide sequence =f '^'^^^ Jl^^,^^^^^^^^ carotenoids. 

S isojrenoid compounds and selected from the follov^ing (a), (b) and (c): 

4 ccn in tsiO'O, or a orotein having an amino acid sequence wherein 
(a) a protein having an amino acid sequence of SEQ^ N0-3;°^^^^^ ,,,, 3equence of SEQ ID NO: 3 

one to several amino add residues are de'eted |ubs rtu^ed^ ^^.^^ ^^.^ ^^^^^^ 

^:S^:Zr^:^^^"^ or ad^ed in the amino add sequence of SEO .0 NO: 

4, and ^.Q.g a ^otein having an amino acid sequence wherein 

Lir^rirrrrrr— ^^^^^ 

„ «,e blosyr,the.is o1 Isopr.oold compoun* DNA w?™^^^ c". oulti-rtng me otol.ed trans- 

EnvfTj/a. ^. ^ . ^ [.^j. encoding a protein having activity to improve efficiency in 

o a DNA encoding a protein having an o^^!,^"^"'^^ °' '° 

(d) a DNA having a nucleotide sequence o SEQ D N0.8, 

(e) a DNA having a nucleotide sequence of SEQ ID NO.s, 

„g screemng = substance that InhWls ,h. 
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phosphate is biosynthesized. 

[0038] The sixth invention of this application is a method for screening a substance having weeding activity com- 
prising screening a substance that inhibits the reaction of a protein having activity of an enyme selected from those 
present on the non-mevalonate pathway in which 1 -deoxy-D-xylulose 5-phosphate biosynthesized from pyruvic acid 
5 and glyceraldehyde 3-phosphate is converted to 2-C-methyl-D-erythritol 4-phosphate from which isopentenyl pyro- 
phosphate is biosynthesized. 

[0039] Examples of the proteins in the fifth and sixth inventions above include a protein of the following (a) or (b): 

(a) a protein having activity to catalyze a reaction to produce 1 -deoxy-D-xylulose 5-phosphate from pyruvic acid 
10 and glyceraldehyde 3-phosphate, or 

(b) a protein having activity to catalyze a reaction to produce 2-C-methyl-D-ezythritol 4-phosphate from 1 -deoxy-D- 
xylulose 5-phosphate. 

[0040] Examples of the proteins catalyzing the reaction to produce 1 -deoxy-D-xylulose 5-phosphate from pyruvic 
15 acid and glyceraldehyde 3-phosphate include a protein having an amino acid sequence of SEQ ID NO:1 , or a protein 
having an amino acid sequence wherein one to several amino acid residues are deleted, substituted or added in the 
amino acid sequence of SEQ ID NO: 1, and having activity to catalyze 1 -deoxy-D-xylulose 5-phosphate from pyruvic 
acid and glyceraldehyde 3-phosphate. 

[0041] Examples of the proteins having activity to catalyze the reaction to produce 2-C-methyl-D-erythritol 4-phos- 
20 phate from 1 -deoxy-D-xylulose 5-phosphate include a protein having an amino acid sequence of SEQ ID NO:5, or a 
protein having an amino acid sequence wherein one to several amino acid residues are deleted, substituted or added 
in the amino acid sequence of SEQ ID NO: 5, and having activity to catalyze the reaction to produce 2-C-methyl-D-eyth- 
ritol 4-phosphate from 1 -deoxy-D-xylulose 5-phosphate. 

[0042] The seventh invention of this invention is a substance, which has antibiotic activity and is obtained by the 
25 screening method in the fifth invention above. Known substances obtained by the above screening method are not 
included in this invention. 

[0043] The inventors have focused on structural similarity of fosmidomycin [3-(N-formyl-N-hydroxyamino)propyl- 
phosphonic acid] to 2-C-methyl-D-erythritol 4-phosphate, a reaction product from 1 -deoxy-D-xylulose 5-phosphate 
reductoisomerase reaction, or a reaction intermediate assumed to be produced in this enzymatic reaction. 

30 Based on the assumption that fosmidomycin has activity to inhibit 1-deoxy-D-xylutose 5-phosphate reductoisomerase 
and antibiotic activity, the inventors have conducted experiments on the screening method of the fifth invention and also 
described in the following Example 10. As a result, the inventors found that fosmidomycin is a substance having the 
activity to inhibit 1 -deoxy-D-xylulose 5-phosphate reductoisomerase and antibiotic activity, and in addition, verified the 
adequacy of the screening method of the fifth invention above. However, known compound fosmidomycin is excluded 

35 from this invention. 

[0044] The eighth invention of this invention is a substance, which has weeding activity and obtained through the 
screening method of the sixth invention above. As described above, any substance that is obtained from the screening 
method and already known is excluded from this invention. 

[0045] Hereinafter a more detailed explanation of this invention will be given. 

40 

I. Cloning of DNA Encoding a Protein Involved in Biosynthesis of Isoprenoid Compounds 

(1) Cloning of DNA Encoding a Protein Involved in Biosynthesis of Isoprenoid Compounds using a Nucleotide 
Sequence of DNA (DXS gene) Encoding DXS 

45 

[0046] Using information on previously-determined nucleotide sequences of E.coli chromosome and DXS gene 
[Proc. Natl. Acad. Sd. USA., 94, 12857 (1997)], a DNA region containing DXS gene or genes neighboring DXS gene is 
obtained by cloning with PCR method from E.coli [Science, 230 . 1350 (1985)]. 

[0047] An example of information on a nucleotide sequence containing DXS gene is the nucleotide sequence of 

50 SE0IDN0:11. 

[0048] A concrete example of methods for cloning the DNA region containing DXS gene is as follows. 
[0049] Escherichia coli, such as an E.coli XL1 -Blue strain (available from TOYOBO CO., LTD.). is cultured in a suit- 
able medium for Escherichia coli, for example, LB liquid medium [containing lOg of Bactotrypton (manufactured by 
Difco Laboratories), 5g of Yeast extracts (manufactured by Difco Laboratories), 5g of NaCI per liter of water, and 
55 adjusted to pH 7.2] according to standard techniques. 

[0050] After culturing, cells were recovered from the culture by centrif ugation. 

[0051] Chromosomal DNA is isolated from the obtained cells according to a known method, described in, for exam- 
ple, Molecular Cloning, Second Edition. 
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QPn in NO'-l1 a sense primer and an antisense primer, 
recognition sites appropriate for restriction enzymes, e.g.. SamHl. and EcoHl 

primers. ^ ^ . ^n.-.-.n-e orimers include a DNA liaving a connbination of 

fo054] Exanp.es ^^^l^^-^;^^^^^^^^^^^ -D NOS: 12 and 16. SEQ .D NOS: 17 

nucleotide sequences: SEQ ID NOS. id ana lo, 

and 18, SEQ ID NOS: 1 9 and 1 3. or SEO ID NOS: 22 and 2^^ (manufactured by 

[0055] using the chromosomal DNA as a ^^^'^^^^^J.'l^Jfl^'J;^^^^ Kit Ver. 2 (manufactured by TAKARA 
UrKin Elmer Instruments. (^^anuf^ct^ed b^ Boehringer Manheim K.K.) 

Lconds. and SB«C for 3 minutes; then l^^^^-^^^^^^'^^^^^^^^ sites added to the above 

S^^rs an^eTr^r rd^^^^^^^^^ 
S;ir%S.-oo,le.edONA„^^^^ 

described in Molecular Clonmg. Second ^'^^^"■i^"''^."' p„^^^^^ Second Edition. Oxford University 

Wiley & Sons (1 987 - 1 997), DNA Cloning 1 : Core Techniques, ^ P^^^^j' ° ^DN^ Synthesis and 

Pres's (1995): or by .sing commerciany -i^^^^^^^^^^^^^^^^ S.P cD^A^yn^^^^^^^^^ ^tratagene). 

FortransformationoftheE.co//.anycloningvectorsinc.u^^^^^^^^^ 

i° tonLously replicate in E.co.l K12, can ^^^-^^^^^^P---;:,^^^^^^^^ 58 (1992),. 

Crete examples of the cloning vectors ^^^'^J^ .f^.l^^'^^^ ZAP il (manufactured by Stratagene). X gtl 0 

pBluescript II SK(+) [Nucleic Ac.ds R^^^^/^^*^' JJ:.!^.;^',,^^^^ Clonetec), X ExCell (manufactured 

Xgtll (DNA Cloning, A Practical Approach, 1,49(1 985)). XTnplbx (ma ^ , ^ell, Biol. 3, 280 

by' PhLacia). pTTT318U ^^^^^^^^^^^^J pUC118 (manufactured by 

(1983)]. PMW218 i^^^^^^^'^^f^^'l^^^^Z 172 2392 (1990)1 and pQE-30 (manufactured by Qiagen. Inc). 

Second Edition, Oxford University Press (1995). catalyze the reaction to produce 1- 

[0061] A plasmid DNA containing a DNA ^^'^^^"'^.1^^^^^^ a DnI encoding farnesyl pyrophos- 

deoxy-D-xylulose 5-phosphate from pyruvic acid and aJV^^^^^"^^^^^^ ^ SEQ ID NO:3. a DNA encoding a protein 

phatesynthase.aDNAencd^gap^^^^^^^^^^^^ 
having an ammo acid sequence ot acvj lu 

can be obtained by the above methods. ^„„tain<5 all of the DNA above, plasmid pDXS-1 or pQEDXS-1 

[0062] such plasmids include plasmid pADO-1 that co-Jams aU^o^ the DNA a . p^^^ ^^^^^^ ^ ^^^.^^ ^ 

.hat contains a DNA ^^f^^^^^^^^^^^^^^ ?h'?contrns\^ NA having a nucleotide sequence of SEQ ID 

genus Rhodobacter. in the same manner as described above. 

(2) Cloning of DNA Encoding a Protein Having Activity to Complement methy.erythr-«o.-requring mutantof E.co«(Gene 
Complementing Methylerythritol-requiring Mutant) 

Q Construction of E.coli methylerythritol-requiring mutant 

. Ko»ir^//w3i 10 (ATCC1 4948), is cultured according to standard techniques. 
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[0066] The obtained cells are washed with an appropriate buffer agent, such as 0.05mol/I Tris-nnaleate buffer (pH 
6.0). Then the cells are suspended in the same buffer such that the cell density is 1 to 1 0^° cells/ml. 
[0067] Mutagenesis is carried out by standard techniques using the suspension. In such a standard technique, for 
example, NTG is added to the suspension to a final concentration of 600mg/l, and then the mixture is maintained for 20 
5 minutes at room temperature. 

[0068] This suspension after mutagenesis is spread on minimal agar medium supplemented with 0.05 to 0.5% 
methylerythritol and cultured. 

[0069] An example of minimal agar medium is M9 medium (Molecular Cloning. Second Edition) supplemented with 
agar. 

10 [0070] Methylerythritol that is chemically synthesized according to the method described in Tetrahedron Letters, M. 
35, 6184 (1997) may be used. 

[0071] Colonies grown after culturing are replicated on minimal agar media and minimal agar media each contain- 
ing 0.05 to 0.5% methylerythritol. The mutant of interest, which requires methylerythritol to grow, is selected. That is, a 
strain capable of growing on minimal agar media containing methylerythritol but not on minimal agar media lacking 
75 methylerythritol is selected. 

[0072] Strain ME 7 is an example of the resultant methylerythritol -re qui ring mutant obtained by the above manipu- 
lations. 



20 



Cloning of the Gene Complementing Methylerythritol-requiring nature 



[0073] Echehchia colt, such as E.cofi W3110 (ATCC14948), is inoculated into culture media, e.g., LB liquid 
medium, then cultured to the logarithmic growth phase by standard techniques. 
[0074] Cells are collected from the resultant culture by centrifugation. 

[0075] Chromosomal DNA is isolated and purified from the obtained cells according to standard techniques, such 
25 as those described in Molecular Cloning, Second Edition. The chromosomal DNA obtained by the method described in 
(1) above can be used as isolated and purified chromosomal DNA. 

[0076] An appropriate amount of the chromosomal DNA is partially digested with an appropriate restriction 
enzyme, such as Sau 3 A I. The digested DNA fragments are fractionated by according to standard techniques, such 
as sucrose density-gradient centrifugation (26,000 rpm, 20°C, 20 hr). 
30 [0077] The DNA fragments obtained by the above fractionation, 4 to 6 kb each, are ligated to a vector, e.g., 
pMW1 18 (Nippon Gene), which has been digested with an appropriate restriction enzyme to construct a chromosomal 
DNA library. 

[0078] The methylerythritol-requiring mutant isolated in ® above, such as the strain ME 7, is transformed using the 
ligated DNA according to standard techniques, e.g., those described in Molecular Cloning, Second Edition. 
25 [0079] The resulting transformants are spread on minimal agar media supplemented with a drug corresponding to 
a drug-resistant gene carded by the vector, such as M9 agar medium containing 100 g/l of ampicillin, then cultured 
overnight at 37*'C. 

[0080] Thus, transformants that have recovered their methylerythritol requirement can be selected by the method 

above. 

40 [0081] Plasmids are extracted from the resultant transformants by standard techniques. Examples of a plasmid that 
can allow the transformants to recover their methylerythritol requirement are pMEW73 and pQPDXR. 
[0082] The nucleotide sequence of the DNA integrated into the plasmid is sequenced. 

[0083] An example of such a nucleotide sequence is a sequence containing a nucleotide sequence for yaeM gene 
of SEQ ID NO:1 0. Using the information on the nucleotide sequence for yaeM gene, homologues of yaeM gene can be 
45 obtained from other prokaryotes or plants in the same manner as described above. 

IL Production of Proteins having Activity to improve efficiency in the biosynthesis of isoprenoid compounds. 

[0084] To express the resulting DNA in a host cell, the DNA fragment of interest is digested with restriction enzymes 
50 or deoxyribonucleases into one with a proper length containing the gene. Next the fragment is inserted into a down- 
stream of a promoter region in an expression vector. Then the expression vector is introduced into a host cell appropri- 
ate for the expression vector. 

[0085] Any host cell that can express the gene of interest can be used. Examples of the host cell include bacteria 
belonging to the genera Escherichia, Serratia, Corynebacterium, Brevibacterium, Pseudomonas, Bacillus, 
55 Microbacterium and the like, yeasts belonging to the genera Kluyveromyces, Saccharomyces, Schizosaccharomyces, 
Trichosporon, Schwanniomyces, and the like, animal cells, and insect cells. 

[0086] Expression vectors used herein can autonomously replicate in the host cell above or be integrated into a 
chromosomal DNA, and contain a promoter at the position to which the DNA of interest as described above can be tran- 
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. h.=t a ^referable expression vector for expression of the DNA above 
[0087] When a bacteriun. is used as a host ce 1. a P^^*^^^^^^^^^ comprising a promoter, ribosome binding 

can autonomously replicate in the bacterium and .s a reco« '^if^'ZLn vecto^may contain a gene to reg- 
sequence. the DNA above and a transcription termination sequence. The express.o 

ulate a promoter. . ■ , r,RTtnC nBTacI DBTac2 (all of them are available from Boe- 

I006S1 Examples ol .he exp-.ssio. -^'^'''"''y^'I'^^-^^:^' pSe<-\ (Prom.sB. pQE-8 (Oi.gen^ Ine). 
h*g„ M.*elm K.K.), PKK233-2 P''»™"=f ' f ° '^pTbSion No, 58-1 10600), pKYP200 (Agricultural Bio- 
pQE-30 (QBgen. Inc). pKYPlO (Japm.se Paent Laid Open P^"««»" " ■ scl USA, 82, 

fc^ica, CWmisir,, 48, 663, 198* PLSAI Agr», B.ol O em^^^^ SsoTeRM BP.5407,, pT,S32 (PERM BP-5408), 
. 4306,1985), pBlo.sor*tllSK*,pBlu.!cr.p«ISK (- s™t^ene), pTO ^ UBl.o, pTP5, 

pGEX (Pnarmaaa). pET-3 (N.vagen), Pj-'^fJ'^^'^^l ' i^ssfps-reia (TAKARA SHUZO CO., LTD.), pSTV29 
r6™)'°E=400 ,0. 'bL.*,., m, ■ l-'i'd^S^^^ " . ^'--"^ 

S3ri™L';L":^irprrriTi':»i;-^^ 
Eir,p.==^^^ 

[0092] Examples of the host cell -ed herem -J^^^^j^-^^^S^^'L/a. PsLomonas. AgrCaCenum, 
Corynebacterium. Brevibactenum, Baallus '^^'f^'^'^"^^^ Chromatium. Erwinia, Methylobacterium , 
Alicyclobaallus, Anabaena, AnacysUs ^^'^^''^//^^^^^^^^^ S repromyces, Synnecoccus, and 

Phormidium. Rhodobacter. Rhodopseudomonas, /^^^ Escherichia, Corynebacterium, 

Zymomar^as. Preferable host cells include TcvdobacZs Anabaer^a, Ar^acystis. Arthrobacter, 

RZdospirillum, Scenedesmur,, Streptorr^yces, Synnecc^^^ SSS'^T XL1-Blue. Escherichia coli XL2-Blue. 
[00931 More specmc examples ^^J^^^^^^^^ coli KY3276. Escherichia coli 

Escherichia coli DH1. Eschench,a col, DH5 ^J^Jl^'^^l^"^^^^^ No. 49. £schericA,/a coli W31 10. Eschencha 
W1485. Escherichia coli JM1 09. Eschenchia col, '^^/O^' 7^^™ eac/V/us amy/o//que/ac/nes. SreWbacfe- 

CO//NY49. Hsc.enc./aco//MP347. Esc.enc/.a ca^,NM saccharolyticum ATCC14066, 

num ammor^agenes, erewi^actenam .mmanoprtrfum Coryneipacteri^m g/atam/cum 

ATCC13032, Corynebactenum glutam,cum ATCCl42a/. Hauefaciens, Serratia marcescens. 

teriur. amn.on,ap.//.m ATCC15354. ^--'^ f ^^^.^^ ^ro.acren.m r../, Ana^aena 

Pseudomonas sp. D-0110, ^0^°'^-'='-'"'" ^^^^'''^"^f '/^'^^^^^^ ArtA,rcbacfer citreus, Arthrobacter 

cylindrica. Anabaena doliolum, Ar^baena "''^"^''"^^^''^^S^r ^^'o"^^^ Arthrobacter r^icotianae, Arthrobacter 
globformis, Arthrobacter hydrocarboglutam,cus ^^^f ^^^^^^^TZl Arthrobacter sulfureus. Arthrobacter 
laramr^eus, Arthrobacter protophonn,ae ^'J^^^^, ^^J^Trosi^m. Chromatium warmir^gii, Chromatium 
ureafaciens, Chromatium buderi ^'^-'^f^'^J'^''^^^^^^^ Erwir,ia punctata, Erwir^ia terreus, 

fluviatile, EnA/inia uredovora, Erwinia carotovora. ^ ATCC29409, Rhodobacter capsulatus, 

Mehylobacterium rhodesianum, Methylobactenum extonjjns. ^^^•^'""^^mor^^s marir^a. Rhodopseudomor^as 
Rhodobacter sphaeroides ^'^^^^^^'^^^^^^ Zdo^rill salinarum, Streptomyces ambofaaer,s. 

palustris. Rhodospirillum rubrurn. '"'^^P'^'^'^J^^^^^ fungicidicus. Streptomyces griseochromoger^es . 

rorrinv=>~^ 

foosT' wr^^easns'^er^a host ce„. expression vectors are. for example. VEp13 (ATCC37115). VEp24 
(ATCC37051). YCpSO (ATCC37419). pHS19, and pHS15. 
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[0096] Any promoter that can function in yeast can be used. Examples of such a promoter include PH05 promoter. 
PGK promoter, GAP promoter, ADH promoter, gal 1 promoter, gal 10 promoter, heat shock protein promoter, MF a 1 
promoter, and CUP 1 promoter. 

[0097] Host cells used herein include Saccharomyces cerevisae, Schizosaccharomyces pombe, Kluyveromyces 
5 lactis, Trichosporon pullulans, and Schwanniomyces alluvius. 

[0098] Any method to introduce a recombinant vector, that is, to introduce DNA into yeast may be used. Examples 

of such methods include Eiectropo ration (Methods. EnzymoL, 194, 182, 1990), Sphemplast method (Proc. Natl. Acad. 

Sci. USA. 75, 1929 (1978)), lithium acetate method (J. BacterioL. 153, 163 (1983)). and methods described in Proc. 

Natl, Acal. Sci. USA. 75, 1929 (1978). 
10 [0099] When an animal cell is used as a host cell, expression vectors are, for example. pcDNAl, pcDMB (Funakoshi 

Co., Ltd), pAGE107 [Japanese Patent Laid Open Publication No. 3-22979; Cytotechnology, 3, 133 (1990)]. pAS3-3 

[Japanese Patent Laid Open Publication No. 2-227075, pCDMS (Nature, 329. 840 (1987)), pcDNAI/Amp (Invitrogen). 

pREP4 (Invitrogen), pAGEIOS [J. Biochem., lOL 1307 (1987)], and pAGE210. 

[0100] Any promoter that can function in an animal cell may be used. Examples of such promoters include a pro- 
75 moterfor IE (immediate early) gene of cytomegalovirus (human CMV), SV40 initial promoter, retrovirus promoter, met- 
allothionein promoter, heat shock promoter, and SR a promoter. Moreover, an enhancer of human CMV IE gene may 
be used together with a promoter. 

[0101] Host cells used herein are, for example, Namalwa cells, HBT5637 (Japanese Patent Laid Open Publication 
No. 63-299), COS1 cells, COS7 cells, and CHO cells. 

20 [0102] Any method to introduce a recombinant vector into an animal cell, that is, to introduce DNA into an animal 
cell may be used. Examples of such methods include Eiectropo rati on [Cytotechnology, 3, 133 (1.990)], calcium phos- 
phate method (Japanese Patent Laid Open Publication No. 2-227075), lipofection [Proc. Natl. Acad. Sci.. USA. 84, 
7413 (1987)], and methods described in Virology, 456 (1973). Recovery and culture of the transformant can be car- 
ried out according to methods described in Japanese Patent Laid Open Publication No. 2-227075 and Japanese Patent 

25 Laid Open Publication No.2-257891. 

[0103] When an insect cell is used as a host cell, proteins can be expressed according to methods described in, 
such as Baculovirus Expression Vectors, A Laboratory Manual, Cun-ent Protocols in Molecular Biology Supplement 1- 
38 (1987-1997), and Bio/Technology. 6, 47 (1988). 

[0104] That is, a vector for introducing a recombinant gene and Baculovirus are co-transduced into an insect cell to 
30 obtain a recombinant virus in the culture supernatant of the insect cell. Then an insect cell is infected with the recom- 
binant virus, resulting in expression of the protein of interest. 

[0105] Examples of the vectors to transfer genes include pVL1392, pVLI 393, pBlueBaclll (all of which are manu- 
factured by Invitrogen). 

[0106] Baculoviruses used herein are, for example, Autographa californica nuclear polyhedrosis virus that infects 
35 Barathra insects. 

[0107] Examples of the insect cells include ovarian cells of Spodoptera frugiperda, Sf9, and Sf21 (Baculovirus 
Expression Vectors, A Laboratory Manual (W. H. Freeman and Company, New York, 1 992), and of Tnchoplusia nt\ High 

5 (Invitrogen). 

[0108] Methods of co-trans duction of the vector for transferring the recombinant gene and the Baculovirus into an 
40 insect eel! to prepare a recombinant virus include calcium phosphate transfection (Japanese Patent Laid Open Publi- 
cation No. 2-227075) and, lipofection [Proc. Natl. Acad. Sci. USA. 84, 7413 (1987)]. 

[0109] Methods for expressing genes include secretory production, and fusion protein expression according to the 

techniques shown in Molecular Coning, Second Edition, in addition to direct expression. 

[01 1 0] When the gene is expressed in yeasts, animal cells, or insect cells, a protein to which sugar or a sugar chain 
45 is added, can be obtained. 

[0111] Proteins having activity to improve efficiency in the biosynthesis of isoprenoid compounds can be produced 

by culturing a transformant containing a recombinant DNA to which the above DNA has been introduced in a medium. 

allowing the transformant to produce and accumulate proteins having activity to improve efficiency in the biosynthesis 

of isoprenoid compounds in the culture, then collecting the proteins from the culture. 
50 [0112] The transformants for producing proteins with activity to improve efficiency in the biosynthesis of isoprenoid 

compounds of the present invention, can be cultured by standard techniques to culture a host cell. 

[0113] When the transformant of this invention is prokaryote such as Escherichia coli or eukaryote such as yeast. 

a medium for culturing such transformants contains a carbon source, a nitrogen source, and inorganic salts, which the 

microorganisms can assimilate, and allows the transformant to grow efficiently. Ether natural media or synthetic media 
55 can be used if they satisfy the above conditions. 

[0114] Any carbon source assimilable by the microorganisnns may be used. Such carbon sources include glucose. 

.fructose, sucrose, and molasses containing tfiem, carbohydrates e.g., starch or hydroiysates of starch, organic acids 

e.g., acetic acid and propionic acid, and abohols e.g., ethanol and propanol. 
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25 



ions, Examp.es o, „i„»9en s~-e. InC.de an,.onla. sa.s o, '"^''^'[iT^.^^'ZrX 

lysate. various fermentation microorganic cells or the.r digests. potassium seconda™ phosphate, triag- 

organs «Jft .Mine soWon., urea, ealclum to «,e med,. while oulturtng. 

,0,18, 11 neo.sa.ry, an amibiotes e-S;;^?";" °J,'*ZjS„™oto, using Indudbte promoters .re o.ltur.d, 

tors containing tre promoter are cultured. hv usina an animal cell as a host cell include a generally 

[0120] The media for oulturing a transformant obtained by ^^'"9 an anima ^^^.^^ 
Led RPM,1 640 mediur. rrhe Journal Of the Ar^erican Med^^^^^^^^^ 
rscience 1 22 501 (1 952)]. DMEM medium [Virology, g. 396(1959)]. [S^.'^^^'^'^^^''' 

eg cTMeS'ne. Z3, 1 d 950)] or those to which fetal calf serum or me ^^-s ^^^^^^^^ ^ , ^„ 3 3^ 40'C. 

[0121] Normally, the transformar^t is cultured in P^^/^^^^f Idium while cu«urmg. 

0122 If necessan'. antibiotics e.g.. kanamycin and per^c^hn ^^^^^^^^^^^^^^ , ,,3, ,^11 include a gener- 

[0123, Examples of media to culture a t-nsJorman«d by us.g - ,^^^,,,35 ,3nufac- 

ally usedTNM-FH medium (Pharmingen). Sf-900 II rnedium 1 ^ 
tured by JRH Biosciences), Grace's Insect Medium (Grace. T.C.C Nature ^' 
[0124]' The transformant is generally oulturedfor 1 ^ .TdL „ r^e'^^^^^^^^ 

[0125] If necessary, antibiotics e.g.. g^^^^Xr^^J^^.'^^.^^^Jf^sypthesis of isoprenoid compounds of this invention 
. S isola^jrdiSd^^Sh: = of=^^^^^^^^^^^^ standard isolation and pur.ca«on 

S2??^^^;°o;:S:e:when the protein of this invention . exP-~^^^ 

Ss cor^pleted the cells are recovered by -"t^^.^S^^; ^^^^ror the e^^^^^^^^ ceil-free extracts. The cell- 

icator, french press, Manton Gaulin ^'7°9f "'^^^.f/^^^^'p^ samp^ can be obtained from the 

35 free e>ctract is separated by centr.fugat.on to obte.n JP^^^^ purifying enzymes. Such techniques 

supernatant by one of or a combination of desalting technique, precipitation 

include a solvent extracting technique, =^'^'"9 ^^^^^'^'"'^"^ "''"^^^^^^ such as diethylaminoethyl (DEAE) - 

;%^~d ss"r^';r»rsrr^^^^^ 

w..n .ne pro»U,s *a, lon. Inclusion Podle. -'VX;-;;" ^^^ta l«g ":;,°p.»;t*ntS 
L sU-led b, oen«ug..lon meraby *f "'"^ pr-^^^^^^^^^^^^^ I ^^-^ 

°:ri=r.irr..=p=t^^^^^^^^^ 

purification as described above. <=Mrh act a suaar-modlfied protein, is secreted outside the 

f„12„ When ,he protam Of » ln.«,nt,on or ,L culture supernaant. That Is, 

cell, the protam or Its deriv«l.e. sr«=h ^^^^^'^^^^T^ to obtain soluble tmctlorts. From the solu- 
the culture S treated « ""'''"S'""" f„'? * ^^^^ ,o, Isolation and purlfioafion .s described abov.^ 

f^,r°"^hr,itrpX'rde"~:"s',SL^^^^ 
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Japan (Perkin-Elmer. U.S.A), Pharmacia BioTech (Pharmacia BioTech, Sweden), ALOKA CO., LTD. (Protein Technol- 
ogy Instrument), KURABO INDUSTRIES LTD. (Synthecell-Vega, U.S.A), PerSeptive Limited., Japan (PerSeptive, 
U.S.A), or SHIMADZU CORR 

5 III. Production of Isopienoid Compound 

[0132] Isoprenoid compounds can be produced by culturing the transformants obtained as described in II above 
according to the method of II above, allowing the transformants to produce and accumulate isoprenoid compounds in 
the culture, then recovering the isoprenoid compounds from the culture. 

10 [0133] The above culture can yield isoprenoid compounds, such as ubiquinone, vitamin Kg, and carotenoids. Spe- 
cific examples of isoprenoid compounds include ubiquinone-8 and menaquinone-8 produced using microorganisms 
belonging to the genus Escherichia as a transformant, ubiquinone-10 produced using those belonging to the genus 
Rhodobacter, vitamin K2 produced using those belonging to the genus Arthrobacter as a transformant; astaxanthin 
produced using those belonging to the genus Agrobactehum as a transfomnant, and lycopene, p-carotene, and zeax- 

75 anthin produced using those belonging to the genus Erwinia as a transformant. 

[0134] After the culture is completed, in order to isolate and purify isoprenoid compounds, isoprenoid compounds 
are extracted by adding an appropriate solvent to the culture, the precipitate is removed by e.g., centrif ugation, and then 
the product is subjected to various chromatography. IV. Screening a Substance inhibiting Enzymatic Activity on Non- 
Mevalonate Pathway 

20 

(1) Determination of Enzymatic Activity on Non-Mevalonate Pathway 

[0135] The enzymatic activity on non-mevalonate pathway can be determined according to normal methods for 

determining enzymatic activity. 

25 [0136] The pH of the buffer used as a reaction solution to determine activity should be within a range that does not 
inhibit the enzymatic activity of interest A preferable pH range includes the optimal pH. 

[0137] For example, a buffer at pH 5 to 1 0, preferably 6 to 9 is used for 1 -deoxy-D-xyluIose 5-phosphate reductoi- 

somerase. 

[0138] Any buffer can be used herein so far as it does not inhibit the enzymatic activity and can be adjusted to the 
30 pH above. Examples of such a buffer include Tris- hydrochloric acid buffer phosphate buffer, borate buffer, HEPES 
buffer, MOPS buffer, and bicarbonate buffer. For .example, Tris -hydrochloric acid buffer can preferably be used for 1- 
deoxy-D-xylulose 5-phosphate reductoisomerase. 

[0139] A buffer of any concentration may be employed so far as it does not inhibit the enzymatic activity. The pref- 
erable concentration ranges from 1mol/l to Imol/l. 
25 [0140] When the enzyme of interest requires a coenzyme, a coenzyme is added to the reaction solution. For exam- 
ple, NADPH, NADH or other electron donors can be used as a coenzyme for 1 -deoxy-D-xylulose 5-phosphate reduc- 
toisomerase. A preferable coenzyme is NADPH. 

[0141] Any concentration of the coenzyme to be added can be employed so far as it does not inhibit reaction. Such 
a concentration preferably ranges from 0.01 mol/l to 100 mol/l, more preferably, 0.1 mol/l to 10 mol/l. 
40 [0142] Metal ions may be added to a reaction solution if necessary. Any metal ion can be added so far as it does 
not inhibit reaction. Preferable metal ions include Co^"^, Mg^"^, and Mn^"*". 

[0143] Metal ions may be added as metallic salts. For example, a chloride, a sulfate, a carbonate, and a phosphate 

can be added. 

[0144] Any concentration of the metal ion to be added can be employed so far as it does not inhibit reaction. A pref- 
45 erable concentration ranges from 0 mol/l to 100 mol/l, more preferably, 0.1 mol/l to 10 mol/l. 

[0145] The substrate of the enzyme of interest is added to the reaction solution. For example, 1 -deoxy-D-xylulose 
5-phosphate is added for 1 -deoxy-D-xylulose 5-phosphate reductoisomerase. • 

[0146] Any concentration of the substrate may be employed so far as it does not inhibit reaction. The preferable 
concentration ranges from 0.01 mol/l to 0.2 mol/l in the reaction solution. 
so [0147] The enzyme concentration used in reaction is not specifically limited. Nomnally. the concentration ranges 
from 0.01 mg/ml to 100 mg/ml. 

[0148] An enzyme used herein is not necessarily purified Into a single substance. It may contain contaminative pro- 
teins. In the search as described in (2) below, cellular extracts containing 1 -deoxy-D-xylulose 5-phosphate reductoi- 
somerase activity or cells having the same activity can be used. 
55 [0149] Any reaction temperature may be employed so far as it does not inhibit enzymatic activity. A preferable tem- 
perature range includes the optimal temperature. That is. the reaction temperature ranges from 10°C to SO^'C, more 
preferably, 30*=*C to 40**C. 

[0150] Activity can be detected by a method for measuring a decrease In substrates accompanying the reaction or 
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can increase in reaction products as the reaction proceeds. „„«^ted and Quantitatively determined by 

eoi51] Suci. a method is a method ^^^^'^^^^^^^^^ or decreases as 

e.g. high performance liquid chromatography (HPLC) rf ^7^' •"l'^^" ^^^..^.ance at 340 nm of the reaction solu- 
the reaction proceeds, activity can directly be f^^Jl'^^'^^^^^^ detected by measuring a 

rcre^s^br^r^^^^^^^^^^ 

reaction proceeds. 

(2) screening a Substance Inhibrting Enzymatic Activity on the Non-mevalonate pathway 

10152] A substance inhib.ing enzymatic activity on the ^^r^'-^^^^^^^^^^^^^ Z 
Lubstince to be screened for to the enzymatic ^^'-2,cTthatrpp s^^^^^^^^ decreased in 

ss-rrarr^^^^^^^^^^ 

SoreeningmethodsincludeametHodwhereinthedec.^^^^^^ 

he amount of reaction products is traced with time; or a '^^^^^/'f ^^^^^^^^^^ ^^^S°n products is measured, 
period the decrease in the amount of substrates or the --^7;^^^^^^^^^^^^ in the amount of reaction 

-d:LisL=rrrur^^^^^^^^^^^^^ 

at 1 to 3 minutes intervals during reaction. ^^rot^e nr th^:. increase in the amount of reaction products 

30 minutes to 2 hours. m^unionate nathwav inhibits the growth of microor- 

- -1 Tj:=rnrrrr i.^ « ... ... 

stance inhibits the growth of the microorganisms ^"f P'^"^' ^ut absent in animals and humans, 

animals ckn be obtained by the above described screening method. 

[0158] This substance can l.e an ^^^^^^^^.f")^^^^^^^^ in the specification and/or drawings of Jap- 

[0159] This specificaf on 'nc ludes part or a^l ?,?o, n «nd Ti^35739. which are priorrty documents of the present 
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application. 

Brief Description of Drawings 
[0160] 

Best Mode for Carrying Out the Invention 



so soecified gene recombination shown in the examples was ( 

Clonmg becond Ed'rtion (hereinafter referred to as the standard techniques). 



Example 1 Cloning of DNA encoding proteins involved in the biosynthesis of isoprenoid compounds 

involved in the biosynthesis of isoprenoid compounds using the nucleotide 



55 (1 ) Cloning of DNA encoding proteins 
sequence of E.coH DXS gene 



[0162, one platinum loop of E.co// XLVBlue (purchased f.m TOYOBO) was inoculated into 10 ml of LB liquid 
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medium, then cultured overnight at 37**C. 

[0163] After cultuhng, cells were collected by centrifugation from the resultant culture. 
[0164] Chromosomal DNA was isolated and purified from the cells according to the standard techniques. 
[0165] Sense and antisense primers, each having Bam HI and Eco R I restriction enzyme sites at their 5'-ends and 
5 consisting of nucleotide sequence pairs of SEQ ID N0S:12 and 13, 14 and 15, 12 and 16, 17 and 18, and 19 and 13; 
and sense and antisense primers, each having Bam HI restriction enzyme site at their 5* -ends and consisting of a nucle- 
otide sequence pair of SEQ ID NO:22 and 23; were synthesized using a DNA synthesizer. 

[0166] PGR was carried out with a DNA Thermal Cycler (Perkin Elmer Instruments, Inc. Japan) using these pimers, 
chromosomal DNA as a template, and a TaKaRa La-PCR™ Kit Ver. 2 (TAKARA SHUZO CO., LID.), Expand'" High- 

70 Fidelity PGR System (Boehringer Manheim K.K.) or a Taq DNA polymerase (Boehringer). 

[0167] PGR was carried out for 30 cycles. In the case of amplifying a DNA fragment of 2kb or less, one cycle con- 
sisting of reaction at 94*'C for 30 seconds, 55**C for 30 seconds to 1 minute, and 72^C for 2 minutes; in the case of ampli- 
fying a DNA fragment of mere than 2kb, one cycle consisting of reaction at 98°C for 20 seconds, and 68'*C for 3 minutes; 
then followed by the reaction at 72°C for 7 minutes. 

15 [0168] Among the DNA fragments amplified by PGR, DNA fragments amplified using sense and antisense primers, 
each having Bam H 1 and EcoR I restriction enzyme sites at their 5'-ends, were digested with restriction enzymes BamH 
I and Eco R I; DNA fragments amplified using sense and antisense primers, each having Bam H I restriction enzyme site 
at their 5'-ends, were digested with restriction enzyme Bam H I. 

[0169] After the digestion, these DNA fragments treated with the restriction enzymes were subjected to agarose gel 
20 electrophoresis and recovered Bam H I and Eco R l-treated DNA fragments and Bam H l-treated DNA fragments. 

[0170] A broad host range vector pEG 400 containing lac prometer [J. Bac. 172, 2392 (1990)] was digested with 
restriction enzymes Bam H I and JEsqR I, subjected to agarose gel electrophoresis and recovered BamH I and EgqR I- 
treated pEG 400 fragments. 

[0171] pUG118 (TAKARA SHUZO CO., LTD.) was digested with a restriction enzyme Bam H I. then subjected to 

25 agarose gel electrophoresis and recovered Bam H l-treated pUG 1 1 8 fragments. 

[0172] Each of the resultant Bam H I and EcoR l-treated DNA fragments was mixed with Bam H I and EcoR l-treated 
pEG 400 fragments, then the mixture was allowed to precipitate with ethanol. The obtained DNA precipitate was dis- 
solved in 5 \l\ of distilled water for ligation reaction to occur, thereby obtaining each recombinant DNA. 
[0173] Using the resultant recombinant DNA, E.coli (purchased from TOYOBO) DH5 a was transformed according 

30 to the standard techniques. Then the transformant was spread on LB agar medium containing 1 00 \l g/ml of spectino- 
mycin, then cultured overnight at 37°G. 

[0174] Some colonies of the transformant resistant to spectinomycin were cultured in 10 ml of LB liquid medium 
containing 1 00 fxg/ml of spectinomycin with shaking for 1 6 hours at 37°C. 
[0175] The resulting culture was centrifuged, so that cells were collected. 

35 [0176] Plasmids were isolated from the cells according to the standard techniques. 

[0177] To confirm that the isolated plasmids contained the DNA fragment of interest, the plasmids were cleaved 
with various restriction enzymes to examine their structures and their nucleotide sequences were sequenced. 
[0178] A plasmid containing a DNA with a nucleotide sequence of SEQ ID NO:6. DNA with a nucleotides sequence 
of SEQ ID NO:7, DNA with a nucleotide sequence Of SEQ ID NO: 8, and DNA with a nucleotide sequence of SEQ ID 

40 NO: 9 was named pADO-1. A plasmid containing a DNA with a nucleotide sequence of SEQ ID NO: 6 was named 
pDXS-1 . A plasmid containing a DNA with a nucleotide sequence of SEQ ID NO: 7 was named plSP-1 . A plasmid con- 
taining a DNA with a nucleotide sequence of SEQ ID NO: 9 was named pTFE-1. 

[0179] The above Bam H l-treated DNA fragments and Bam H l-treated pUC118 fragments wear mixed, then the 
mixture was allowed to precipitate with ethanol. The resulting DNA precipitate was dissolved in 5 ^ I of distilled water 
45 for ligation reaction to occur to obtain recombinant DNA. Escherichia coli was transformed using the recombinant DNA 
in the same manner as described above, then plasmids were isolated from the transformants. 

[0180] To confirm the isolated plasmids contain the DNA fragments of interest, the plasmids were cleaved with var- 
ious restriction enzymes to examine their structures and their nucleotide sequences were sequenced in the same man- 
ner as described above. 

50 [0181] These plasmids were digested with BAm H I. The DNA fragments of interest were recovered in the same 
manner as described above, then sub-cloned into an expression vector pQE30 (Qiagen. Inc). 

[0182] The plasmid obtained by the sub-cloning above and having a nucleotide sequence of SEQ ID NO:6 was 
named pQEDXS-1 . 
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(2) Cloning of the Gene Complementing Methylerythritol-requiring nature 
0 Selection of Methylerythritol-requiring Mutant of Escherichia coli 

[01831 E.oo,i W3n0 (ATCCU948) was inoculated into LB liquid medium and cultured to its logarrthmic growth 

S r^.:==oTrmrn^^^^^^^^ 

[ol8er'''llnTari'nduced .y adding NTG to tne suspension to a final concentration of 600mg/.. and then the 
?0^.r '-n,es grown on M. minima, agar ".edium^t.^^^^ -^S^^^^ 

Ll agar medium and on M9 minima, -9- ^^^^^^ capat "o gSg on a minima, agar medium contain- 

rf^niiirina methvlexvthritol to grow, was selected. That is, a strain capau.e ui y 

® Clonino ol the Gene Complem.nlmg MethyletylhriloW.qulrmg n.tute 

,0,911 Esc^ericN, co,i W31 ,0 (ATCC14948) ln«ul.Bd Wo LB .,uld nnedium, then c.m..ed.o Hs logarthmlc 
grow,; pnasa^ men cell, ^re colMed fr»n ,he .esdn.n, ''"T'^^'S'^'Zo.,,,^ ,o tt,e «a„d.« .eonnlgu... 

[0,941 -n,. DNA (regents oM«n«J by the ' T.^ B^n," f ^^n^^cUng . genomic DNA 

br ^iig-r ;^r:Mr«eS-er^^^ :r j..™.- .cco,d,„g .» .e 

p;«r "r*s1?«ng.n,n.fom,a«s «,e spreed on LB ag=, medium supplemented , 00 ^ 9/1 o, emp,=»n. »en 
[0*9T ""'pSdf JIS extracted tmm each ooton, tSa, gre« on t„e agar medium and tnen .he nucleo.de 

rc^9;r"rp,rr=edTrnrj^i;:=^^^^^^^ 
fo'=iT"?rr:or=r.:^rrvXrr^^^^^ 

E',S^rTs.^;r.;S . s^n.. o, SEO « NO:20 and en antlaenae prWrer having a se,u.nce o. SEQ 
=osom'aTor?S.^aCS^^ 

[02071 PGR was carried out by 30 cycles, one cycle consisting of reaction at 94 ^ "jr 

Lr 3?seconds. and reaction at 72^0 for 2 mintues fol.owe ^^^^^^1^^^^^^ ua^^ere digested with a restric- 
rnonfli AftPr the amDlitied DNA fragments and pUC1 1 8 (IAKAHA ^nu^u o^.. l.i>-/ / 

S-ib£^rnSrer=r:r^^^ 
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DMA precipitate was dissolved in 5 I of distilled water for ligation reaction to occur, thereby obtaining reconnbinant 

DNA. 

[0210] The recombinant DNA was confirmed to be yaeM gene by determining the nucleotide sequences, then sub- 
cloned to expression vector pQE30 (Qiagen, Inc). 
5' [0211] " The resulting recombinant DNA was named pQEYMI. 

[0212] The strain ME7 was transformed using pQEYMI by standard techniques. The transformant was spread on 
LB agar medium containing 100 \i g/ml of ampicillin. then cultured overnight at 37°C. 

[0213] The transformants were confirmed to form colonies at the same growth late as wild-type strain, suggesting 
that yaeM gene complemented mutation in the strain ME7. Example 2 Production of Ubiquinone-8 (CoQ8) using 
10 Recombinant Escherichia coii (1) E.cofi DH5a were transformed using the plasmids pADO-1, pDXS-1, and pXSE-1, 
those obtained in Example 1 above, and pEG400 as a control, respectively, then E.coii DH5 a/pADO-1, E.coli DH5 a 
/pDXS-1, E.coii DH5 a/pXSE-1 and E.coii DH5 (x/pEG400 that showed resistance to spectinomycin at a concentration 
of 100 jn g/ml were obtained 

[021 4] These transformants were inoculated into a test tube containing 1 0 ml of LB medium supplemented with thi- 
15 amine and vitamin Bq, 100 mg/1 each, 50 mg/l of p-hydroxybenzoic acid, and 100 \i g/ml of spectinomycin. Then the 
transformants were cultured with shaking for 72 hours at 30°C. 
[0215] After the culture was completed, each culture was concentrated 1 0-fold. 

[0216] To each 300 I of concentrated culture, 300 [x I 2-butanol and 300 [xi glass beads were added. Isoprenoid 
compounds were extracted with the solvent while disrupting the cells by Multl Beads Shocker MB-200 (YASUI KIKAl) 

20 for 5 minutes. Then the 2-butanol layer was collected by centrifugation. 

[0217] The amount of CoQ8 produced by the transformants was calculated by Quantitative analysis of the CoQ8 in 
the butanol layer using high performance liquid chromatography (LC-10A, SHIMADZU CORP.). 

[0218] HPLC was carried out using Develosil ODS-HG-S (NOMURA CHEMICAL K.K.) as a column, and metha- 
nol:n-hexane = 8:2 solution as a mobile phase at 1 ml/min of the flow rate and 275 nm of the measuring wavelength. 
25 [0219] Table 1 shows the results. 

Table 1 



CoQ8 Production by transfonimt of Escherichia coU 



TiansfoiiDant 


Cefl Amount 
(OD660) 


Amount of CcQ8 


Intracellular Content 


E-coli 

DH5a/ipEG4O0 


5.8 


0.63 


1.1 


E-coli 

jyHSa/pADO-l 


5.5 


058 


1.8 


Exnli 

DH5Q!/pDXS-l 


52 


0^ 


1.6 


ExxtU 

DH5a/pXSE-l 


5.6 


0.67 


12 



*1: Tritrarrfhilar mmtmr « 5^hnwn witfi a value obgdned by dividiDg a 10-Md CoQ8 ptxJuctkm (mgflL) 



^5 by a cell amount (OD6eO). 



[0220] The amount of CoQ8 produced was significantly higher in DHS ct/pADO-1, DH5 a/pDXS-1 and DH5 
50 o/pXSE-l than in the control strain DHS aypEG400. In particular, the highest productivity was shown by DES ct/pADO- 
1 to which all DNA obtained in Example 1 were introduced. (2) E.coii DHS ct/pDXS-l or E.coii DHS a/pEG400, as 
obtained in (1) above, was inoculated into a test tube containing 10ml of a M9 medium, and then cultured with shaking 
for 72 hours at 30*^0. 

[0221] After the culture was completed, the amount of CoQ8 produced by the transformants was calculated in the 
55 same manner as in (1) above. 

[0222] Table 2 shows the results. 
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10 



15 



Tiansfonnant 



ELcoli 

DH5a/pEG400 



CoQ8 Producdoa by traDsfotmant of E scheriduacoli 



Cdl amount 
(OD66Q) 



3.1 



Amount of CoQ8 
Produced (mg/L) 



0.49 




1.6 



*1: Intracellular content is shown 
by a cell amount (OE>660) . 



t0223] The amount of CoQ8 produced was sign.cant.y higher >n DH5 a/pDXS-1 than Ir, the control stra-.h DH5 

20 cxy'pEG400. 

(3) Production of CoQ8 using Recombinant Escherichia coli 

cultured with shaking for 72 hours at 30 C nmduced bv the transformants was calculated in the 

30 [0226] After the culture was completed, the amount of CoQ8 produced by 
same manner as in (1) above. 
[0227] Table 3 shows the results. 



35 



45 



50 



55 



TabJe3 





Tiansfoamant 


Cdl amount 
fOD660) 


Amount of CoQ8 
Produced (mg/L) 


Intracellular Conteait *' 


40 


KcoU 

DH5 a/pEG400 


14.44 


0.83 


057 




Rcoli 

DHSa^jEGYMl 


13.12 


0S4 


0.71 



by a cdl amount {OD660) . 

[02281 The amount of CoQB produced was sign.cantly higher in DH5 a/pEGYM1 than in the control strain DM5 

cx/pEG400. 

Example 3 Production of Menaquinone-S (MK-8) by Recombinant Escherichia coli 



[0229] 



(,) The B.co,i DH5 «/pADO-1 or E.co,, DH5 a/pEG400. obtained in Example 2(1). was inoculated into a test tube 
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containing 10 ml of TB mediunn supplemented with 100 ng/ml of spectinonnycin. and then cultured with shaking for 
72 hours at 30°C. The TB medium had been prepared by dissolving 12 g of bactotrypton (Difco). 24 g of yeast 
extract (Difco), and 5 g of glycerol into 900 ml of water followed by the addition of 100ml of aqueous solution con- 
taining 0.17mol/l KH2PO4 and 0.72mol/l K2HPO4. 
5 After the culture was completed, MK-8 was quantified in the same quantifying method for C0Q8 as in Example 

2(1), then the amount of MK-8 produced by the transformants was calculated. 
Table 4 shows the results. 

iable4 

10 



MK-8 Production by transfOTtnants of Escherichia coti 



Transfonaant 


Cdl amount 
(OD6eO) 


AmouittofMK-S 
I^Dduoed (mg/L.) 


latiaodyUilar CcRDtBot 


KcoU 

DH5q:^EG4O0 


232 


1.1 


0.46 


EcoU 

BHSa/pADO-l 


235 


1.8 


0.75 



I 

*1: lotracdlular content is shown wiSx a value obtaioed by dividing a lO-fiDid C0Q8 production 



amount Ctng/L) by a odL anxxmt (OD660) . 

25 

The amount of MK-8 produced was significantly higher in DM5 cx/pADO-1 than in the control DH5 a/pEG400. 
(2) E.coli DH5 o/pDXS-l or E.coli DM5 a/pEG400. obtained in Example 2 (1), was cultured in the same manner in 
(1) above, then the amount of MK-8 produced byte transformants was calculated. 
30 Table 5 shows the results. 



Production of MK-8 by transfonnants of Escherichia coU 





TtarisfbirDant 


Cdlanxnint 
(OD660) 


Anx3untofMK-« 
Produced (mg/L) 


IntraceUular Coniejit 




Kcoli 

DH5a/pEG400 


428 


241 


0.56 


40 


Kcoli 

DH5a>i>DXS-l 


44.0 


2.96 


0.67 



*1: Tnt™^!' mntmt k fAvrwn wilfa a value obtained by divi&^ a lO-MdCbQ8pcoduction(nig/(L) 



by a cdl aoaount (OD660). 



The amount of MK-8 produced was significantly higher in DH5 ct/pDXS-1 than in the control strain DH5 
50 a/EG400. 

Example 4 Production of C0Q8 by recombinant Erwinia carotovora 

[0230] A plasmid pDXS-1 obtained in Example 1 or pEG400 as a control, was introduced into Erwinia carotovora 
55 IFO-3380, thereby obtaining transfomiants lFO-3380/pDXS-l and IFO-3380/pEG400. both of which were resistant to 
spectinomycin at a concentration of 100 n g/ml. 

[0231 ] These transfomiants were inoculated into a test tube containing 1 0 ml of LB medium supplemented with 1 00 
g/ml of spectinomycin. and then cultured with shaking for 72 hours at 30**C. 
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[0232] After the culture was completed, the amount 
same manner as in Example 2(1). 
[0233] Table 6 shows the results. 



EP 1 072 683 A1 

of CoQ8 produced by the transformants was calculated in the 



TO 



15 



CoQ8 Pioducdonby transfonnants of Envimicarotovora 



-naDsfboDaDt 



1FO-338Q^EG4QO 



IPO-338(ypDXS-l 



Cell amount 
(OD660) 



1.68 



2.4S 



Amount of CoQ8 
Ptodaced(mfflL) 



026 



0.45 



IncaMflular Ccmiatt ' 



15 



1.8 



*l: lottaodhtoconuatisshovmvalhava^ 
by a odl amount (OD660)- 



20 



25 



30 



35 



[0234] The amount of CoQ8 produced was signmcantly higher in IFO-3380,pDXS.1 than in the control stain IFO- 

3380/pEG400. 

Example 5 Production of ubiquinone and carotenoids by recombinant En^lnia ure6ovora 

, : . ,ovM 1 nOEDXS-1 dQEYM-1 obtained in Example 1 , or pUCi 9 and pQESO as controls 
[0235] The plasmids P^^YM-I pQEDXS 1 pQEYM ^.^^ transformants, E. uredovora 

were introduced into Erwm/a ^'f''''°'^^^^'t^^^^^ uredovora DSM-30080/pQEYM-1 . E. uredcora 

SforSdl ^o!:::S^0%.c. showed reslsta. to ampicillin at a concentration of 

1 00 ng/ml were obtained. containing 1 0 ml of LB medium supplemented with 1 00 

2 fulo, ,ier Lng = spec,opnatome..r In «,e nn.nne, .s ,n Example 2(1). 
[0239] Table 7 shows the results. 

Table? 

Production of C0Q8 andCaiotenridsby transfbmmis of E.uredayK>ra 



45 



50 



55 
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Transfonnants 


CeB 
amount 


CoQ8 


Caiotenoids 


OD660 


Production 


fenaodlular 
content ratio 
Rdadve 
value 


Ptoduction 

Rdative 

vahie 


Jntracdhilar 
cxmtQit ratio 
Rdative 
value 


DSM-3008(ypUC19 


2.00 


1.15 


1.0 


1.0 


1.0 


DSM-3008a^UCyM-l 


1.88 


139 


13 


13 


1.6 


DSM-30O8OWE3O 


Z52 


1.29 


1.0 


1.0 


1.0 


DSM-30O8CHjQEYM-1 


1.92 


136 


1.4 


1.7 


22 


DSM-3008aipQEDX5-l 


Z12 


321 


3.0 


5.6 


6.7 



[0240] Both CoQS production and carotenoid pigment poduction way significantly higher in DSM-30080/pUCYM-1 
20 than in the control strain DSM-30080/pUC1 9. 

[0241] Similarly, both CoQB production and carotenoid pigment production were significantly higher in DSM- 
30080/pQEYM-1 and DSM-30080/pQEDXS-1 than in the control strain DSM-30080/pQE30. 

Example 6 Cloning of the DNA Encoding Proteins Involved in the Biosynthesis of Isoprenoid Compounds from a Pho- 
25 tosynthetic Bacterium Rhodobacter sphaeroides 

(1) Cloning of DXS Gene from R. sphaeroides 

[0242] The Genbank database was searched for DXS homologue conserved in other species using the DXS nucle- 
30 otide sequence found in E.coli. As a result; DXS homologues way found in Haemophilus influenzae (P45205). Rhodo- 
bacter capsulatus (P26242), Bacillus subtilis (P54523), Synechocystis sp. PCC6B03 (P73067) and Mycobacterium 
tuberculosis (007184) and the like. Highly conserved amino acid sequences were selected by comparison of these 
sequences. A nucleotide sequence con-esponding to such a conserved amino- acid sequence was designed in consid- 
eration of the codon usuage in R. sphaeroides. A DNA fragment having a nucleotide sequence of SEQ ID NO:32 and 
35 of SEQ ID NO:33, and a DNA fragment having a nucleotide sequence of SEQ ID NO:34 were synthesized by DNA syn- 
thesizer. 

[0243] PGR was carried out with DNA Thermal Cycler (Perkin Elmer Instruments, Inc. Japan) using chromosomal 
DNA of R.sphaeroides KY41 13 (FERM-P4675) as a template, the primere above; and an Expand™ High-Fideiity PGR 
System (Boehringer Manheim K.K.). 

40 [0244] PGR was carried out by 30 cycles, one cycle consisting of reaction at 94**C for 40 seconds, reaction at 60°C 
for 40 seconds, reaction at 72°C for 1 minute, followed by reaction at 72**C for 1 minute, thereby obtaining the DNA frag- 
ment of interest. The DNA fragments were DIG-labeled using DIG DNA Labeling Kit (Boehringer Manheim K.K.). 
[0245] To obtain the full length DXS gene of R.sphaeroides, a genomic DNA library of a strain KY4113 was con- 
structed. The strain KY41 1 3 was cultured overnight in LB medium, extracting the chromosomal DNA. The chromosomal 

45 DNA was partially digested with a restriction enzyme Sau3AI, and then 4 to 6kb DNA fragments were purified by 
sucrose density-gradient centrifugation. The DNA fragments were ligated with Bam H l-digested vector pUC1 9 using a 
Ligation Pack (Nippon Gene), and E.cofi DH5 a was transformed using the ligated DNA. The transformants were 
spread on LB agar medium containing 100 ^ g/mt of ampicillin, thus obtaining about 10,000 colonies, were detected. 
As a result of sequencing, ORF sharing high degrees of sequence homology with known DXS gene of other species 

50 was found from each DNA fragment An amino acid sequence of SEQ ID NO:26 was named DXS1 and that of SEQ ID 
NO:27 was named DXS2. 

(2) Confirmation of Complementary using E.coli DXS Gene-deleted mutant 
55 ® Selection of E.coli DXS gene-deleted strain 

[0246] E.coli W3110 (ATCC14948) was inoculated into LB liquid medium, and then cultured to its logarithmic 
growth phase. After culturing. cells were collected from the culture by centrifugation. 
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70 



75 



20 



25 



102471 The cells were washed with 0.05 mo.l Tris-maleate buffer (pH 6.0) ar.d susper^ded in the sar.e bufferto a 
20 minutes at room temperature to induce f""tatior>. minimum agar medium (Molecular Cloning, Second 

(3) Complementation Studies on DXSI and DXS2 

^ nvQi of SEQ ID NO-27 or a DNA fragment encoding DXS2 of SEQ ID NO:29 

ISr^^rnT — c.d WO ,he s«n ME, . .o.X DXSI 0XS2 .ac. co.p..- 
mented the 1 -deoxyxylulose-deficiency in the strain ME 1 . ^^^^1^^^ 

Snto^^-u^td^r^^^^^^^ 

(4) Cloning of Gene Complementing Methylerythritol-requiring nature derived from R. sphaeroides 

10256] The ECO// Methylerythritol-re^uiring mutant MET ^^-^^2^^Z:et^^^^^ 

LdiJm containing 0.1% "^-^^^^;;^'°IXZT^^^^ 9^--' ^ 

30 [0257] The cells were washed twice with 1mol/l HtHbb aqueous ^omi 

" ISoi An. Pl.»ng UP ,h. PO,.n,.s gr»«n on ..o .od«, m, co«>n,es «o..«e. ,p,o LB » 

Example 7 Production of Ubiquinone-10 (CoQIO) by Recombinant Photosynthetic Bacteria 
[0263] A gInB promoter, derived from the strain KY4t 13 ''^f ^^^^J^^^ .^^^wa^^^^^ 

\o NO:27 and'DXS2 of SEQ ID NO:29, both '^^^^^'j^^^^^'^^^^^^ pRSDX-2. respectively 

range vector pEG400, thus constructing P'-^f^^^^;,,^"!^^^^^^^^ ^g.ted Sownstream of glnB promoter, thereby 
L^n^JSgT^ld. T^^^^^^ These plimlds were int^duced into sp.ae./des 

then cultured for 3 days at 30°C. inoculated into LB mediurn containing spectinonnycin at a con- 

KY4113/pRSYMDX1 and KY41 13/pEG400. 
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[0267] A platinum loop of each transformant was inoculated into a test tube containing 5 ml of seed medium (2 % 
glucose. 1 % peptone, 1 % yeast extract, 0.5 % NaCI, pH 7.2 adjusted with NaOH) and then cultured for 24 hours at 
30°C. 

[0268] 0.5ml of the resultant culture was inoculated into a test tube containing 5 ml of ubiquinone-1 0 production 
5 medium, then cultured by shaking for 5 days at 30°C. The ubiquinone-1 0 production medium consisted of 4 % black- 
strap molasses, 2.7 % glucose, 4 % corn steep liquor, 0.8 % ammonium sulfate. 0.05 % potassium primary phosphate, 
0.05 % potassium secondary phosphate, 0,025 % magnesium sulfate heptahydrate, 3 mg/l of fen-ous sulfate heptahy- 
drate. 8 mg/i of thiamine. 8 mg/l of nicotinic acid, and iml/l of trace element, had previously been adjusted to pH 9, sup- 
plemented with 1 % calcium carbonate, then autoclaved. 
10 [0269] Then the amount of CoQl 0 produced by the transformants was calculated in the same manner as in quan- 
tification of CoQ8 in Example 2(1). Table 8 shows the results. 





Cdl amount [OD66a] 


Amount of CoQlO 
Accumulated [ing'l] 


KY4113^EG400 


23.7 


652 


Ky4113/pRSDX-l 


23 


81 


KY4113/bRSDX-2 


24.4 


S19 


KY4113/pRSYMDXl 


25.8 


117.9 



25 

[0270] The amount of CoQIO produced was significantly higher in KY41 13/pRSDX-1 , KY41 13/pRSDX-2 and 
KY4113/pRSYMDX1 than in the control strain KY41 13/pEG400. 

Example 8 Determination of the Activity of the Enzyme Encoded by yaeM Gene 

30 

(1) Overexpression of yaeM Gene 

[0271] A recombinant plasmid that can express yaeM gene sufficiently was constructed using PGR [Sciences, ^0, 

1350(1985)]. as follows. 

35 [0272] A sense primer having a nucleotide sequence of SEQ ID NQ:24 and an antisense primer having a nucle- 
otide sequence of SEQ ID NO:25 were synthesized using a DNA synthesizer. 

[0273] A restriction enzyme BamHI site was added to each of 5'-ends of the sense and antisense primers. 
[0274] yaeM gene was amplified by PGR using chromosomal DNA of E.coli as a template, these primers, Tag DNA 
polymerase (Boehringer), and DNA Thermal cycler (Perkin Elmer Japan). 
40 [0275] PGR was carried out by 30 cycles, one cycle consisting of reaction at 94°C for 30 seconds, reaction at 55**C 
for 30 seconds, and reaction at 72*'G for 2 minutes followed by reaction at 72°G for 7 minutes. 

[0276] The amplified DNA fragments and pUCIIS (TAKARA SHUZO Co., Ltd.) were digested with a restriction 
enzyme Bam H I, then each DNA fragment was purified by agarose gel electrophoresis. 

[0277] Both purified fragments were mixed together; then heated with ethanol, allowing DNA to precipitate. The 
45 resultant DNA precipitate was dissolved in 5 \i\ of distilled water for ligation reaction to occur, thereby obtaining recom- 
binant DNA. 

[0278] The recombinant DNA was confirmed to be yaeM gene by detemnining its DNA sequence. 
[0279] Plasmids were extracted from the microorganism having the recombinant DNA, digested with a restriction 
enzyme Bam H 1 , and subjected to agarose gel electrophoresis, thereby obtaining DNA fragments containing BamH I- 
50 treated yaeM gene. 

[0280] pQE30 (Qiagen, Inc) was digested with a restriction enzyme Bam H I, then subjected to agarose gel electro- 
phoresis, thereby obtaining Bam H l-treated pQE30 fragments. 

[0281] The resultant DNA fragments containing Bam H l-treated yaeM gene were mixed with BamH l-digested 
pQE30 fragments, and treated with ethanol for DNA to precipitate. The DNA precipitate was dissolved in 5 m-I of distilled 
55 water for ligation reaction to occur, thereby obtaining recombinant DNA. 

[0282] E. coli JM1 09 was transformed using the recombinant DNA by standard techniques. Then the transformants 
were spread on LB agar medium containing 100 ji g/ml of ampicillin, then cultured overnight at 37*C. 
[0283] Plasmids were isolated from the E.coli in the same manner as described above. 
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10 



25 



30 



35 



The plasmid was named pQEDXR. 

(2) Determination of Activity of yaeM Gene Product 

0 Purification of yaeM gene product 

obtained. _op inn ml of LB liquid medium containing 200 p. g/ 

[0286] The strain Ml 5/pREP4+pQEDXR was cultured at 37 C °^ '^^ , t^iogalactoside was 

ml of Uicillin and 25 ^ g/ ml of kanarr^ycin. When the '^''^'^J^ lll^ZT^^^^^^ |?=C. then the supema- 

added to a final concentration of 0.2 rr^ol/l. Subsequently, '^-'^ "^^f^f^^f^^^^^ 6 ml of 1 00 moUl 

tant of the culture was removed by centrifugation (3000 rpm. ^ ° ^'"^^^^^^^^^^ BRANSON) while cooling with 

Tris-hydrochloric acid buffer (pH 8.0). then disrupted us.ng « ""^^^^^^^^^^^^ thereby collecting the 

ice. T^e Obtained cell-disrupted ^'^^^^^ J^^^^^^;^^^^^^^ SInTA resin column (Qiagen. 

supernatant. The supernatant centnfuged ''I'^'^'^^^^'^^^'J^'';^^^^^^^ 3Cid (pH 8.0). 50 mol/l imidazole. 05 % 

0W«™ » imotlon oomawng proteins » a pu«ed pro».n f,«:.«r. 
® preparation ol a Substrate, 1 .deoxy-D-xylulose S-phosphate 

Snos7.=:=pr/eS-^^^^^^^^^ 
i;sr"Sn'ra::rer^^ 

resin column. reaction solution [1 00 mol/l Tris- hydrochloric acid (pH 7.5), 

..'^'"^^^^.^^^^^-^-'^'^^ py^ta. ton.. tn». 

°^*'°'"r'r.:.r;?i':qe.a.~^^^^ 

vated carbon column (22 x 8 cm) followed by a Dowex 1-X8 (""l^.^'l^J'^^^^^ g.^O (i.8 x 100 cm), then eluted 

® DKennination o( Enzymatio Aalv«v of yaeM Gene Prodoot 

0.3 n,o« o. ,.*oxy.D-.y.u,ose ^'P-'^'P''^' ^jr^^SHTrf^^^^^^^^^ 
Ldd.o',0 , nt, o,e reacon ^'^'^^^^^.r^'ZTS^t^^'^ 37^C Te Incr.as^ and decrease In 

ro^Hir;,rs:ntr,*rdre?-V.-— ^ 

nus llola,,ng the prodoot. 200 n,l ol a reactltj, »lt»l»"r^ :i!nSbld S m^^^^^^ a, 37-0. Ttt.n 

rre°rr.:i'rS^^rris':rdtraSi^^^^^^ 
s4t,"'rs"*nSLro««»"orn;,:r:rs.,.^ 
Eir4r^rror;-erarn^:.rr^^^^^^^ — - - 
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C5H12O7P [m/z 215.0276 (M-H)', A -4.5 mmu]. NMR analysis for and ^^C resulted in the following chemical shifts. 

NMR (D2O, 500 MHz): 6 4.03(ddd,J=: 11.5, 63, 2.5 Hz, 1H), 3.84 (ddd, J = 1 1.5, 8.0. 63 Hz. 1H). 3.78 (dd, J = 
80, 2.5 Hz. 1H), 3.60 (d, J = 12.0 Hz, 1H), 3.50 (d, J = 12.0 Hz. 1H), 1.15 (s, 3H); ^^c NMR (DgO. 125 MHz): 675.1 
5 (C-2), 74.8 (C-3), 67.4 (C-1 ), 65,9 (C-4), 1 9.4 (2-Me) 

[0298] • The chemical shifts resulted from NMR analysis for ''H and ^^C of compounds obtained by treating the reac- 
tion products with alkaline phosphatase (TAKARA SHUZO CO., LTD.) were completely identical with that resulted from 
NMR analysis of 2-C-methyl-D-erythritol synthesized In the method described in Tetrahedron Letter, 38, 6184 (1 997). 
10 [0299] Further the angle of rotation of the former compound was [a]^^'^ = 6.0 (c = 0.050, HgO), identical with the 
angle of rotation [aJo^^ = + 7.0 (c = 0.13. H2O) of 2-C -methyl- D-erythrito I, reported In Tetrahedron Letter, 38, 6184 
(1997). 

[0300] These results reveal that the reaction product of yaeM gene product was 2-C-methyl-D-erythritol 4-phos- 
phate. That is, yaeM gene product was found to have activity to yield 2-C-mehyl-D-erythritol 4-phosphate from 1 -deoxy- 
75 D-xylulose 5-phospahte with consumption of NADPH. Based on this catalytic activity, this enzyme was named 1-deoxy- 
D-xylulose 5-phosphate reductoisomerase. 

@ Characteristics of 1-deoxy-D-xylulose 5-phosphate reductoisomerase 

[0301] The enzymological characteristics of 1-deoxy-D-xylulose 5-phosphate reductoisomerase were examined 
using 1 ml of the reaction system as described in Example 8 (2) @. Here. 1 unit is defined as the activity to oxidize 1 
mmol of NADPH per a minute. 

[0302] The activity decreased below 1/100 when NADPH was replaced with NADH. 

[0303] No reaction occurred when 1 -deoxy-D-xylulose was used instead of 1-deoxy-D-xylulose 5-phosphate. 
[0304] SDS-PAGE analysis showed that this enzyme was consisted of 42 kOa polypeptide. 
[0305] Table 9 shows effect on the reaction system by the addition of metals. 

Table 9 

^ EflfeaofvanousxxKtaliOEnsoalbeac^ 

l-(fcoxy--I>X5Mpse S-pho^Aalereductaisoi^^ 

Additives Specific Activity 

35 (urate /ii|g protean) 

03 
NJ5. 
11,8 
6.0 
4.0 
0.2 
02 
03 
NX>. 
ND. 



50 [0306] These metal ions and EDTA were added such that the concentration of each was 1 mol/l. N.D. Indicates that 
no activity was. detected. 

[0307] Km for 1 -deoxy-D-xylulose 5-phosphate and NADP in the presence of MnClg were 249 umol/l and 7.4 

mol/l, respectively. 

[0308] Figure 1 shows the effect of reaction temperature and Figure 2 shows the effect of reaction pH. 



none 
EDTA 

C0CI2 
MgClj 
CaCLj 

ZnSO^ 
CUSO4 
FeSO, 
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Example 9 Construction and Characteristics of yaeM - deleted mutant 
(1) Construction of yaeM - disrupted mutant 

ro309] TO test whether 1 -deoxy-D-xylulose 5-phosphate reductoisomerase is essential Sl^^^"^ °' ^ 

JS^lnts. Ind mixture was treated with ethanol. Next the obtained DNA prec,p.tate was d.ssolved .nto 5 , 1 0, 

distilled waterfor ligation reaction occ^^^r^^^^^^;^^ C^T^^rls transformed using this recon^binant DNA 

' iLt C2ire7stTn; — rn^c^^^^^^ n^ediu. were sha.e-c..ured .r 13 hours at 

Sj'cl toSofTeZid mediur. containing 1 00 g/ml of ampicillin and 15 ^ g/ml of kanamyc.n. 
20 [0316] The resulting culture was centrifuged to collect cells. ^ ■ 

0317^ Plasmids were isolated from the cells according to the standard techniques. 

03 2 Th'plimTds isolated as described above were cleaved with various restriction ^"^V--^" Km 

nTpTJ:: lT^;;, ™d?„^ — = . s--. »< a„. , g,4 o, ^-o^^■^^•^. c*». 

" "s«.«l k=„»w*Tes«»™ colonies m« grew on the n,.*m »or. « """'^ ^'"^ 

S of lb1"« Jeomaining 15 „ g^ml =« k.namyeln and 1 gfl of 2.CH.«h,l.D..-ymn,0l. 
r03221 The resulting culture was centrifuged to collect cells. 
0323 Chromosomal DNA was isolated from the cells by the standard techn'ques. 
3. The chromosomal DNA ^^f^^^^^^^^^^ 

S::nryr r=o^^e: haS rstrucfu^: sC: inrr;- yae^ gene was d.rupted byte Kanamy- 

cin- resistant gene. 

(2) Characteristics of vaeM-disrupted mutant 



the cell groNArth after 2 days of culture. 



50 



55 
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Table 10 



Eflfixt of dderioii of yaeM gene on die £lcofi growtti 



SuaiiQ 


Cdl growth an eadi inediuni 


LB 


LB + ME*" 


FS1576 


+ 


+ 


ys^M-deleted strain 




+ 



*1: Cdl growth (+ iiKlicales gCKxi growth; - indict 



*2: MEiiKiicatestbeaddSliOTof 1 g/lof 2-<;-nKlhjiT^^ 

15 

[0326] No yaeM-deleted mutants grew on a medium lacking 2-C-methyl-D-erythritoL Therefore, This gene was 
shown to be essential for the cell growth in the absence of 2-C-methyl-D-eP/thntol. Exannple 10 Effect of 1-deoxy-D- 
xylulose 5-phosphate reductoisomerase inhibitor for cell growth. 
20 [0327] The following experiments were conducted based on the assumption that fosmidomycin could inhibit 1- 
deoxy-D-xylulose 5-phosphate reductoisomerase because 2-C-methyl-D-erythritol 4-phosphate, a product from 1- 
deoxy-D-xyiulose 5-phosphate reductoisomerase reaction, or reaction intermediates expected to be produced in this 
enzyme reaction is structurally analogous to fosnnidomycin. 

[0328] In the presence of fosmidonnycin, the activity 1 -deoxy-D-xylulose 5-phosphate reductoisomerase was meas- 
25 ured by the method as described in Example 8 in order to examine the effect on the enzymatic activity, 

[0329] Fosmidomycin had been synthesized according to the method described in Chem. Pharm. Bull., 30, Hi- 
ll 8 (1982). 

[0330] Total volume of reaction solution was reduced to 0.2 nnl from the volume of reaction solution described in 
Example 8 (2). but each concentration was kept at the same level as the system of Example 8 © . Fosmidomycin at 

30 various concentration was added to the reaction solution, then the reaction was carried out at 37*^0. The increase and 
decrease in NADPH were measured using Bench mark micro plate reader (Bio-Rad Laboratories). 
[0331] As shown in Rg. 4, fosmidomycin was shown to inhibit 1 -deoxy-D-xylulose 5-phosphate reductoisomerase. 
[0332] - E. coli W3110 was spread on LB agar medium, the same medium containing 3,13 mg/l of fosmidomycin, 
and the same medium containing 3.13 mg/l of fosmidomycin and 0.25 g/l of 2-C-methyl-D-erythrltol, then cultured at 

35 37°C. 

[0333] Two days after culturing, the microorganism could grow on the two types of media, that is, the LB agar 
medium and the same medium containing fosmidomycin and 0.25 g/l of 2-C-methyl-D-erythritol. but no microorganism 
grew on the LB agar medium supplemented only with fosmidomycin. 

[0334] These results clearly shows that fosmidomycin inhibited the cell growth by inhibiting 1 -deoxy-D-xylulose 5- 
40 phosphate reductoisomerase. Accordingly, a substance inhibiting yaeM gene product (1 -deoxy-D-xylulose 5-phosphate 
reductoisomenase) activity can be an effective antibiotic agent or herbicide. 

[0335] All publications, patents and patent applications cited herein are incorporated herein by reference in their 
entirety. 

45 Industrial Applicability 

[0336] The present invention can provide a process for producing isoprenoid compounds comprising integrating 
DNA into a vector wherein the DNA contains one or more DNA involved in biosynthesis of isoprenoid compounds useful 
in pharmaceuticals for cardiac diseases, osteoporosis, homeostasis, prevention of cancer, and immunopotentiation, 

50 health food and anti-fouling paint products against barnacles, introducing the resultant recombinant DNA into a host cell 
derived from prokaryote, culturing the obtained transformants in a medium, allowing the transformant to produce and 
accumulate isoprenoid compounds in the culture, and recovering the isoprenoid compounds from the culture; a process 
for producing a protein having activity to improve efficiency in the biosynthesis of isoprenoid compounds comprising 
integrating DNA containing one or more DNA encoding the protein into a vector, introducing the resultant recombinant 

55 DNA into a host cell, culturing the obtained transformant in a medium, allowing the transformant to produce and accu- 
mulate said protein in the culture, and recovering said protein from the culture; the protein; and novel enzymatic protein 
having activity to catalyze a reaction to produce 2-C-methyl-D-erythritol 4-phosphate from 1 -deoxy-D-xyluIose 5-phos- 
phate: and a method for screening a compound with antibiotic and/or weeding activity comprising screening a sub- 
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stance inhibiting the enzyme. 
Sequence Listing Free Text 
5 [0337] 

SEQ ID NO: 12: synthetic DNA 
SEQ ID NO: 13: synthetic DNA 
SEQ ID NO: 14: synthetic DNA 
10 SEQ ID NO: 15: synthetic DNA 

SEQ ID NO: 16: synthetic DNA 
SEQ ID NO: 17: synthetic DNA 
SEQ ID NO: 18: synthetic DNA 

SEQ ID NO: 19: synthetic DNA 
15 SEQ ID NO: 20: synthetic DNA 

SEQ ID NO: 21: synthetic DNA 

SEQ ID NO: 22: synthetic DNA 

SEQ ID NO: 23: synthetic DNA 

SEQ ID NO: 24: synthetic DNA 
20 SEQ ID NO: 25: synthetic DNA 

SEQ ID NO: 32: synthetic DNA 

SEQ ID NO: 33: synthetic DNA 

SEQ ID NO: 34: synthetic DNA 

25 Claims 

1 A process for producing isoprenoid compounds comprising integrating DNA into a vector wherein the DNA contains 
one or more DNA selected from the following (a), (b), (c), (d), (e) and (f): 



30 



35 



40 



45 



50 



55 



(a) a DNA encoding a protein having activity to catalyze a reaction to produce 1 -deoxy-D-xylulose 5-phosphate 
from pyruvic acid and glyceraldehyde 3-phosphate. 

acid ^^^"^"''1 "^^'^ " . . j,33 a^i^it to improve efficiency in the biosynthesis of isopreno.d connpounds. 

(d) .ra (e), and aolvity .uba.nti.lly Id.nticl with th.t o( th. proKm encoded by th. .Ma^ DNA, 

and recovering the isoprenoid compounds from the culture. 

lose 5-phosphate from pyruvic acid and glyceraldehyde 3-phosphate. 

The process accorrfmg to dairr, 1 or 2. wherein the DNA has a nucleotide sequence of any one of SEQ ID NOS: 
6.27 and 29. 

The process according to claim 1 . wherein a DNA encoding famesyl pyrophosphate synthase is a DNA encoding 
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a protein that has an amino acid sequence of SEQ ID NO:2, or a DNA encoding famesyl pyrophoshate synthase 
that has an amino acid sequence wherein one to several amino acid residues are deleted, substituted or added in 
the amino acid sequence of SEQ ID NO: 2. 

5 5. The process according to claim 1 or 4. wherein the DNA has a nucleotide sequence of SEQ ID NO:7. 

6. The process according to claim 1 , wherein the DNA encoding a protein having activity to catalyze a reaction to pro- 
duce 2-C-methyl-D-erythritol 4-phosphate from 1-deoxy-D-xylulose 5-phosphate is a DNA encoding a protein that 
has an amino acid sequence of SEQ ID NO:5 or 30, or a DNA encoding a protein that has an amino acid sequence 

10 wherein one to several amino acid residues are deleted, substituted or added in the amino acid sequence of SEQ 

ID NO: 5 or 30 and has activity to catalyze a reaction to produce 2-C-methyl-D-erythritol 4-phosphate from 1-deoxy- 
D-xylulose 5-phosphate. 

7. The process according to claim 1 or 6, wherein the DNA has a nucleotide sequence of SEQ ID NO: 10 or 31 . 

75 

8. The process according to claim 1 , wherein the DNA has a nucleotide sequence of SEQ ID NO:8 or 9. 

9. The process according to claim 1, wherein the isoprenoid compound is one selected from ubiquinone, vitamin K2 
and carotenoids. 

20 

1 0. A protein having activity to improve efficiency in the biosynthesis of isoprenoid compounds and selected from the 
following (a), (b) and (c): 

(a) a protein having an amino acid sequence of SEQ ID NO:3, or a protein having an amino acid sequence 
25 wherein one to several amino acid residues are deleted, substituted or added in the amino acid sequence of 

SEQ ID NO: 3. 

(b) a protein having an amino acid sequence of SEQ ID NO:4, or a protein having an amino acid sequence 
wherein one to several amino acid residues are deleted, substituted or added in the amino acid sequence of 
SEQ ID NO:4. and 

30 (c) a protein having an amino acid sequence of SEQ ID NO:5, or a protein having an amino acid sequence 

wherein one to several amino acid residues are deleted, substituted or added in the amino acid sequence of 
SEQ ID NO: 5. 

1 1 . A process for producing a protein having activity to improve efficiency in the biosynthesis of isioprenoid compounds 
35 comprising integrating DNA encoding the protein of claim 10 into a vector, introducing the resultant recombinant 

DNA into a host cell, culturing the obtained transtormant in a medium, allowing the transformant to produce and 
accumulate said protein in the culture, and recovering said protein from the culture. 

12. The process according to claim 1 or 11, wherein the transformant is a microorganism belonging to the genus 
40 Escherichia, Rhodobacter or Erwinia. 

13. A DNA encoding a protein having activity to improve efficiency in the biosynthesis of isoprenoid compounds and 
described in any one of the following (a) to (g): 

45 (a) a DNA encoding a protein having an amino acid sequence of SEQ ID NO:3, 

(b) a DNA encoding a protein having an amino acid sequence of SEQ ID NO:4, 

(c) a DNA encoding a protein having an amino sequence of SEQ ID NO:5, 

(d) a DNA having a nucleotide sequence of SEQ ID NO:8, 

(e) a DNA having a nucleotide sequence of SEQ ID NO:9, 

50 (f) a DNA having a nucleotide sequence of SEQ ID NO:10, and 

(g) a DNA which can hybridize with any one of DNA of (a) to (f) under stringent conditions. 

14. A method for screening a substance having antibiotic activity comprising screening a substance that inhibits the 
reaction of a protein having activity of an enzyme selected from those present on the non-mevalonate pathway in 

55 which l-deo)cy-D-xylulose 5-phosphate biosynthesized from pyruvic acid and glyceraldehyde 3-phosphate is con- 

verted to 2-C-methyl-D-erythritol 4-phosphate from which isopentenyl pyrophosphate is biosynthesized. 

15. A method for screening a substance having weeding activity comprising screening a substance that inhibits the 
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10 



15 



20 



Tne6\oTc-r.Z^^^^^^ ^-phosphate from which isopentenyl pyrophosphate ,s biosynthes.zed. 
1 6. The screening method according to claim 1 4 or 1 5. wherein the protein is a protein described in the following (a) or 
(b): 

(a) a protein having activity to catalyze a reaction to produce vdeoxy-D-xylulose 5-phosphate fror. pyruvic 

— - a.C-.ethyl.O-eryth.o, 4-phosphate tro. V 

deoxy-D-xylulose 5-phosphate. 

19. A substance having antibiotic activrty, which is obtained by the screening method according to ciainn 14. 

20. A substance having weeding activity, which is obtained by the screening nnethod according to claim 1 5. 

21 . An antibiotic agent comprising the substance of claim 1 9. 

22. A herbicide comprising the substance of claim 20. 



35 
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nn.r MO T T nf ronMmiarion nf firnf .hPPt M) 

«ith respect to the claims of t^^e Presenj: a^^^^^^ 
forth, in claims 1 to 9 and 12 (m the P^^L.'l'l^^l^eievating the productivity 
I is cited, have a technical '^^lllJ^^^^l'^l^.^ lUZ ^^t^ the^use of a DNA 
of isoprenoid compounds by a genetic ^"^"-"^ ^ ^ while inventions as 
encoding an enzyme on the non-mevalonate pathway et^^ substances 

set forth in claims 14 to 22 ^^^?/„^,*„^'^^t^^J!t,"tionat^^ inhibit the 

inhibiting the enzymatic activity xn the non ^ However, it is 

growth of microorganisms and Pl^""^^^^^"^^^^;^ has been publicly known, 
needless to say that the """-"^"^i""!.^^ ^^^Sase as an enzyme on the 
Similarly, l-deo'^yO-'^yl^i^^^r^-P^^^P^f thi s^me havl been publicly known 
non-mevalonate pathway ^^^^^^'^^'^^.f^,?, ." gS^^^^^ (1997^. Accordingly, it 

-a^be crcVu^dnkal^t^e^/e^is^nV^sUci^^^^^ n::'^^.^^^^ 
rscStfciTf "la?m\n?^ci\"era^^^^ — - — 1 

14 to 22. . . „ „i =<m<i in 11 12 (in the part wherein I 

in the following descriptions given claims 10, 11, 1^ lin t p 

same. Since it is obvious cnat ° . ^^j^ proteins capable of} 

1-deoxy-D-xylulose ^-phopsphate synthase is one^o^^ ^ proteins 

elevating the efficiency ^^/V^^^^t^^^^^^theli zing isoprenoid compounds or 
capable of elevating the ^"^^^^^^^ ^f^/^^J^J^^^^^^ any "special technical 

bein gONAs encoding ^^l^^^^ ^l^J'^^^J^^l^^^^^^ 

""I "h "v.«"" " ^" 

lirS'lTeo" o?':f.Vt1o«J^r,; =1.1™, 1 « , .„d 12 un th, p.rt wh.r.l„ 
the description of olai" ^ ''..i., in 11. 12 lin the part wherein I 

,2, the ffStS, .n?13 teliiin, to . protein h.rin, 

SI ^"Sl^'="d".etu."i r.Vr."enT.?t'y SEO It> HO, 3 or e h.vin, the b... 

fhl .t?Srrc\^°",;ie=n'o\'"re^P^.Ve„'t'rJ/s"/o h^.vin, the ...e 

"^T,r thrfn%"n\"on '/s fe? JL"tS-in; cle^^^ 

.t:nl\^o'rrs.\'u.tc\'"eVre".n\e'?tV \l ^Jf 'or"'. ™. ^vin, the h.se 

'-T^rtSnrvrtitn^L^St'^ofth^iL sti. i, to a^. 
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